ABSTRACT Intact chromaffin granules isolated from bovine adrenal medulla were incubated at 37TC for up to 22 hr. Processing of enkephalin-containing (EC) peptides in the granules was followed by the change in their size distribution as shown by chromatography on Sephadex G-75 columns. A gradual shift toward lower molecular weight EC peptides was observed during the incubation, indicating processing of the higher molecular weight to lower molecular weight EC peptides. The total amount of [Met]-enkephalin, free and in peptide linkage, remained constant indicating that little -or no nonspecific degradation occurred during the experiment. HPLC resolution of the fraction containing the low molecular weight EC peptides showed that free enkephalins as well as [Met]enkephalin-Arg6-Phe7 and [Met]enkephalin-Arg6-Gly7-Leu8 accumulated while [Met]enkephalin-Arg6 and [Metlenkephalin-Lys6 disappeared. All the above data indicate the press ence of an atypical trypsin activity and the presence of a carboxypeptidase B-like activity within the granules. From the rates of accumulation of the low molecular weight EC peptides and the disappearance of the higher molecular weight EC peptides, a processing rate of 65-70 pmol/g tissue per hr was estimated, which calculates to a lifetime of 6-8 days for EC peptides in the granules. Under steady-state conditions this rate of processing appears to be too low to produce significant amounts of free enkephalins from larger EC peptides. This is well in accord with previous observations that relatively small amounts of free enkephalins are found in bovine adrenal medulla.
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Enkephalin-containing (EC) peptides represent one of the more recently discovered groups of peptide hormones (1, 2) . In mammals there are at least three families of EC peptides, each derived through processing of distinct prohormones, coded for by three distinct genes (3) (4) (5) (6) . As in many other prohormones, internal sequences of the active peptides are bracketed by paired basic amino acid residues, lysine or arginine, that serve as signals for processing. Although the sites of cleavage are known, the responsible enzymes have not yet been. characterized. Cleavage at paired basic residues by a "trypsin-like" enzyme, followed by removal of the generated carboxyl-terminal lysine or arginine by a "carboxypeptidase B-like" enzyme, has been suggested and there have been reports of partial purification of such enzymatic activities from extracts of bovine adrenal chromaffin granules (7) (8) (9) (10) (11) . However, the reported activities were low and contamination by lysosomal proteases could not be ruled out entirely. In addition, a purely trypsin-like activity would not possess the specificity required for this processing, because single internal basic residues [for example Arg6 of the EC octapeptide (12) and heptapeptide (13) (17) .
Processing of EC Peptides in Intact Chromaffin Granules. The 1.8 M sucrose layer of the gradient was diluted with 0.3 M sucrose to a final concentration of 0.6 M, placed on top of a 2.2 M sucrose layer (0.5 ml), and recentrifuged at 100,000 x g for 2 hr. The granules, which formed a dense disk on top of the 2.2 M sucrose layer, were then collected in a minimal volume, suspended in 4.0 ml of 0.1 M sodium phosphate buffer, pH 6.5/0.3 M sucrose/0. 1% 2-mercaptoethanol, and incubated at 37TC. At various time intervals aliquots of 0.2 ml were withdrawn and. centrifuged at 6,500 x g in an Eppendorf tabletop centrifuge at 40C for 10 min. The pellets were washed twice with the above buffer and suspended in 0.5 ml of 1.0 M acetic acid/20 mM HCl/0.1% 2-mercaptoethanol/ phenylmethylsulfonyl fluoride/pepstatin/leupeptin, each at 1 mg/liter. The suspended granules were then sonicated for 30 sec at 20C and centrifuged at 6,500 x g for 10 min. Each supernatant (0.4 ml) was applied toa Sephadex G-75 column (1.0 x 24 cm) that was developed with 1.0 M acetic acid/20 mM HCl/0. 1% 2-mercaptoethanol. Fractions of 0.4 ml per tube were collected at 20 ml/hr, and EC peptides in each tube were determined as described above.
Identification (18) . This peak may represent EC peptides in the Golgi apparatus. As determined from the distribution of arylsulfatase, the 1.8 M layer contained about 5% of the lysosomes. Most of the lysosomal material could be removed from the chromaffin granules by subjecting the 1.8 M layer. to a second discontinuous sucrose Proc. Natl. Acad (19, 20) . Even after 22 hr of incubation free enkephalins increased to only 18% of the total. It is of interest that the mixture of heptapeptide and octapeptide, which were not assayed separately, continually increased during incubation. This is in accord with previous conclusions that these two EC peptide sequences in proenkephalin are designed to be processed intact (3, 12, 13) . DISCUSSION The size distribution of the EC peptides that were isolated from chromaffin granules prior to incubation at 37°C (zero time) is similar to that reported previously (20) and apparently represents the distribution in the granules at steady state. Incubation of the granules at 37°C produced a shift in the distribution of peptides, indicative of processing of larger EC peptides to smaller ones. Of the small EC peptides (fraction 5), a larger increase was observed in the amounts of free [Met]-and [Leu]enkephalin while there was a decrease in the amounts of the hexapeptides [Met]enkephalin-Lys6 and [Met]enkephalin-Arg6. This would be expected if the carboxypeptidase B-like activity in the granules was much greater than the trypsin-like activity. It is also possible that some processing of EC peptides to free enkephalins takes place without hexapeptides as intermediates, as suggested by Mizuno et al. (9) . Simultaneously, an increase was observed in the amount of the hepta-and octapeptides. Accumulation of these peptides, each containing an internal arginine residue, indicates that the processing enzyme acts preferentially on the paired basic residues in the larger EC peptides. Further evidence of the specificity of the enzymes in the granules is the fact that during the overall incubation the net amount of [Met] (1983) pro-lutropin-releasing hormone and intermediate size lutropinreleasing hormone represent 7.5% of the total lutropin-releasing hormone in rat hypothalamus (23) , proglucagon is only 5% of the total glucagon in dog pancreas (24) , and proparathyroid hormone is only 3% of the total hormone in the parathyroid gland (25) . Moreover, in pulse-chase experiments performed with proinsulin (26), proparathyroid hormone (27) , and propressophysins (28) rapid processing of the newly synthesized prohormones to their respective hormone was observed. This is in sharp contrast to the very slow processing observed for the EC peptides. Thus, free enkephalins do not represent the main physiologically active products of proenkephalin, a role probably played by the larger EC peptides. In this respect the proenkephalin system may be similar to the pro-opiomelanocortin system in which the anterior pituitary gland contains much larger amounts of 3lipotropin and pro-opiomelanocortin than 3-endorphin (29) .
From the data shown in Fig. 3 an overall processing rate of 70 pmol/g of tissue per hr was calculated. With -10 nmol of total EC peptides per g of tissue (17), a lifetime of the order of 6-8 days was estimated. The half-life of adrenal chromaffin granules in rats and rabbits under basal conditions is several days based on the turnover of catecholamines (30) . If one assumes a similar turnover of beef adrenal chromaffin granules, then the observed processing rates are too low to produce
[Met]-and [Leu]enkephalin as the main products at steady state.
The rate of conversion of fraction 1 to fraction 2 appears to be similar to the rate of accumulation of fraction 5 (Fig. 3) , suggesting that the high molecular weight and low molecular weight EC peptides are processed at approximately equal rates. Assuming that all processing occurs within the granules, one would expect to find higher concentrations of the largest EC peptides including intact proenkephalin. Because proenkephalin is present in very small amounts (>1% of total [Met]EC peptides) (17) it must be processed at a much higher rate than the mixture of partially processed EC peptides found in the tissue. There are several alternative mechanisms that could result in the smaller amounts of proenkephalin in the chromaffin granules. First, the processing enzymes may have a higher affinity for the intact prohormone than for the intermediate size EC peptides. Alternatively, the processing of proenkephalin may take place prior to its packaging. In this case the processing observed in the granules may represent residual processing enzymes that originate in the Golgi apparatus and are packaged into the granules along with the EC peptides. A third possibility is that the processing enzymes have greater activity in immature chromaffin granules where processing of proenkephalin would then be rapid. With maturation of the granules this activity then decreases or is inhibited in some manner.
From the reported activities of processing enzymes that were partially purified from chromaffin granules by other investigators (7, 9, 10, 31), we were able to calculate rates of 2-60 pmol/g of tissue per hr when endogenous or exogenous large EC peptides were used as substrates. Such values are consistent with the processing rate observed in isolated intact chromaffin granules in the present study (65-70 pmol/g of tissue per hr). These low processing rates are not unexpected because previous studies (19, 20) have shown that the EC peptides in bovine adrenal medulla are mainly of intermediate size, suggesting that only limited processing occurs in the tissue.
